Certain tests in veterinary diagnostic laboratories are dependent on the use of cell cultures free of contamination with noncytopathic (nc) bovine viral diarrhea virus (BVDV). Such tests include virus and chlamydia isolations, serum neutralization assays, and the microplate virus isolation technique for detection of BVDV in persistently infected animals. 1,3 Cells infected with ncBVDV appear morphologically
ered unlikely, because prior to the diagnosis of M. avium in each, the dogs had lived apart from each other for varying periods of time (up to 2.5 years in the case of dog 3).
Mycobacterial infections are uncommon in dogs. 9 Dogs are reportedly more susceptible to infection with M. tuberculosis and M. bovis, 2, 5 and relatively resistant to mycobacteria belonging to the Mycobacterium avium complex (MAC), previously known as M. avium-M. intracellulare 1, 3, 5 Attempts to experimentally infect dogs by feeding them large numbers of M. avium organisms have demonstrated that healthy dogs have considerable innate resistance to infection from oral exposure. 3 Still, there have been sporadic reports in recent years of dogs infected with MAC and other nontuberculous or atypical mycobacterial strains. 1, [4] [5] [6] [7] 11, 12 Interestingly, a similar case of disseminated M. avium infection was recently diagnosed in a 2-year-old female miniature schnauzer. 10 There is evidence that a genetic predisposition to MAC infections may exist in basset hounds and Siamese cats. 1, 8 The same may be true in miniature schnauzers.
To our knowledge, this manuscript is the first to report systemic M. avium infection in a group of related miniature schnauzers. Although a cause for immunosuppression in these littermates was not identified, it was not attributable to alterations in the CD4 ϩ : CD8 ϩ T-lymphocyte ratio or to decreased numbers of T lymphocytes. Identification of similar cases in the future may provide the opportunity for a more comprehensive study of this disease. normal; however, such affected cells can interfere with virus growth and replication 8 and thus create misleading results. Monitoring cell cultures for early detection of ncBVDV contamination is critical to ensure an effective quality assurance/ quality control program and to enhance a rapid turnaround of clinical results.
Cell cultures can be contaminated with ncBVDV if the bovine fetal or calf serum, a necessary component of cell culture media, 5, 6, 7, 9, 10 contains ncBVDV. Contamination with ncBVDV can also occur in a laboratory by the careless handling of clinical specimens infected with BVDV. Other sources of BVDV contamination include aerosol contact, contamination of stock viruses 6, 7 or cross-contamination with infected primary cultures. 5 Viral contaminated cell cultures can be costly due to inaccuracy of results or assay failure requiring retesting.
Immunoperoxidase and immunofluorescence procedures for detection of BVDV contamination in either cell cultures or virus stocks have been previously reported. 2, 5, [6] [7] [8] [10] [11] [12] The aim of this report is to describe a rapid labeled-[strept] avidin-biotin (LAB-SA) immunoperoxidase method for the detection of ncBVDV antigen in cell cultures that uses a novel approach of fixation of cells in suspension with subsequent adherence to slides prior to staining. In contrast to cytospin methods where cells are deposited on slides by centrifugal force and then fixed, this gentle method preserves cellular morphology for the screening of contaminants in cell cultures by immunoperoxidase staining. The technique offers the advantage that stained wet mounts can be viewed immediately by light microscopy with subsequent preservation into permanent mounts. This technique has been used successfully on Madin Darby bovine kidney (MDBK) a cells for a 2-year period as a component of a quality assurance/quality control program. The sensitivity of this method was compared to a direct fluorescent antibody (FA) and indirect FA (IFA) staining procedure for BVDV. A preliminary assessment of the LAB-SA method was also made on a bovine turbinate (BT) a cell line.
Prior to setting up any diagnostic assays, stock MDBK cells and fetal bovine serum were rigorously tested by direct FA and LAB-SA staining on chamber slides through 6 passages to screen for ncBVDV contamination. MDBK cells were routinely evaluated for ncBVDV contamination as cells were passaged. The protocol was as follows: spent media from the confluent monolayers was poured off, and the cells were washed twice with calcium-and magnesium-free buffer (pH 7.4) and then rinsed once with a trypsin-disodium ethylenedinitrilotetraacetate (EDTA) solution and incubated in another change of trypsin-EDTA at 37 C, 5% CO 2 for 10 min to detach the cell monolayers. The detached cells were resuspended in growth media consisting of Dulbecco's minimal essential media (DMEM), 10% fetal bovine serum, 200 mM L-glutamine, 10 mM sodium pyruvate, and 50 g/ml gentamicin, and the cell concentration was adjusted to 0.5 to 1.0 ϫ 10 6 cells/ml. A 5-ml sample of these trypsinized cells in growth medium was used for the LAB-SA immunoperoxidase staining procedure.
Preparation of positive cell culture controls consisted of setting 3 ϫ 10 6 MDBK cells in a 25-cm 2 flask, incubating for 24 hr at 37 C, discarding the growth medium, and then inoculating the monolayer with 10 1.2 foci-forming units (FFU) of BVDV-NY-1 in 0.1 ml serum free media. After incubation for 1 hr at 37 C, 4 ml of 2% fetal bovine serum complete media was added to the flask. The cells were harvested after 72 hr, as previously described for cell passages.
Five milliliters of the cell suspension was centrifuged gently at 130 ϫ g for 5 min at room temperature. The supernatant was aspirated and the cell pellet was resuspended in 250 l of phosphate-buffered saline (PBS), pH 7.5. The cell suspension was fixed for 13 min at Ϫ20 C in 50% acetone in PBS by the addition of an equal volume of cold acetone (Ϫ20 C) to the cell suspension. Fifteen microliters of fixed cell suspension were spread evenly in a circular pattern approximately 1.5 cm in diameter onto a positive charged slide b and dried for 5 min at 45 C. Duplicate slides were prepared for each cell culture. A manual staining system c employing capillary gap technology was routinely used for the LAB-SA staining method. To prevent cross contamination between different test slide surfaces, each slide was paired with a blank slide. To avoid air bubble formation between paired slides, the slides were submerged into a 50-ml beaker filled with PBS, pH 7.5, containing 0.075% BRIJ 35 d (PBS-BRIJ) and then brought together. Each slide pair was then mounted into the slide holder assembly and blotted/rinsed 3 times with PBS-BRIJ to remove any residual trypsin.
The cells were stained with a modification of a streptavidin-biotin immunoperoxidase procedure (provided by Dr. Edward Dubovi, Cornell University) used to diagnose BVDV in persistently infected animals. 1, 3 Primary antibody cocktail composed of 3 BVDV monoclonal antibodies e (Mabs), 12.7.3 and 20.10.6 at a 1:2,000 dilution and 15.C.5 at a 1:1,000 dilution in PBS-BRIJ with 5% normal heat inactivated chicken serum, e was applied to the slides. Negative control slides consisted of cells incubated with nonimmune mouse serum in place of primary antibodies and staining of known positive and negative cell culture control slides. After incubation in primary cocktail diluent for 30 min at 37 C, the slides were rinsed with PBS-BRIJ. Ten blot/rinse cycles were used between each reagent application in the immunostaining procedure. Biotinylated rabbit anti-mouse IgG, IgA, IgM (HϩL) g was used as the secondary antibody at a 1:500 dilution in PBS-BRIJ containing 60% normal heatinactivated chicken serum. The slides were incubated at 37 C for 25 min. After washing in PBS-BRIJ, peroxidase-conjugated streptavidin g was applied at a 1:500 dilution in PBS-BRIJ, and slides were incubated at 37 C for 25 min and then rinsed with PBS-BRIJ. The chromogen substrate, 3-amino-9-ethylcarbazole (AEC), g was mixed according to kit directions and applied for 9 min at ambient temperature. After the AEC reaction, slides were rinsed/blotted 2 times with distilled water (d H 2 O), removed from the holder to a rack in d H 2 O, rinsed 2 more times with d H 2 O, and examined by light microscopy.
When contamination was detected in serially passaged and screened MDBK cells, the number of positive-stained cells varied from approximately 0.5% to 75%, but in most contaminations about 30% of cells stained positive. Positivestained cells were easily discernible by the uniform distribution of intense red color of the cytoplasm and were markedly delineated against nonstained cells (Fig. 1A ). If no BVDV contamination was present in the cell culture, the entire field of cells examined was devoid of any positive staining except for occasional nonspecific pinpoint staining of nuclear granules (Fig. 1B) . Unlike cell monolayers, which appear flattened onto the growth surface of a chamber slide, microplate, or flask, cells fixed in suspension and subsequently adhered to a positively charged slide retain their 3-dimensional conformation. However, the intense positive staining of the cytoplasm of positive cells sometimes concealed the negative-stained nucleus (Fig. 2) .
BVDV-free MDBK cells screened through 6 passages by a direct FA and the LAB-SA method were used to determine the titer of virus stock to be used in the comparative sensitivity study. The cells were washed, trypsinized, and harvested as previously described. Four well chamber slides with an area of 2 cm 2 /well were set with MDBK cells at a concentration of 600,000 cells in 1 ml of growth media/well and incubated at 37 C, 5% CO 2 for 24 hr. After 24 hr, the growth media was discarded, and each of 3 wells per slide was inoculated with 0.2 ml of a low passage of reference strain of ncBVDV-NY-1, diluted by 10-fold from log 10 3 to 8, in viral transport medium (MEM, 1% horse serum, 15 mM sodium pyruvate, 250 g/ml gentamicin, 50 g/ml kanamycin). The remaining well received serum-free media to serve as the negative control. The inoculated cells were incubated for 72 hr at 37 C, 5% CO 2 , then media from the wells were discarded. The cells were washed with PBS, pH 7.4, and fixed in cold 100% acetone for 10 min at Ϫ20 C. Fixed chamber slides were stained for BVDV using a direct polyclonal goat anti-BVD conjugated to fluorescein h at a dilution of 1:50 for 30 min at 37 C, rinsed with PBS 5 times, and counterstained with Evans blue d for 5 min at room temperature. The number of foci of cells that stained positive was counted using a 20ϫ objective on a fluorescent microscope. The virus titer, determined by the Reed and Muench 11 method, was 10 6.2 FFU/ml. Sterility tests for bacteria on the stock virus were negative for growth on blood agar and MacConkey's agar plates.
To determine the sensitivity of the LAB-SA method compared to direct FA and IFA, growth media were removed from 24-hr-old confluent 25-cm 2 flasks of MDBK cells that were set in triplicate at a concentration of 3 ϫ 10 6 cells per flask. The flasks were then inoculated with 10-fold serial dilutions from log 10 3 to 8 of a known concentration of BVDV-NY-1 strain and incubated for 72 hr at 37 C, 5% CO 2 . Two flasks were inoculated with 1 ml each of complete serum-free media to serve as the negative controls. After 72 hr, the monolayers were trypsinized, harvested, centrifuged, and fixed in suspension, as previously described for the LAB-SA method. Aliquots of 15 l of fixed cell suspension were applied to all slides, with subsequent staining by each of the 3 comparative methods. The same manual staining system was used for each of the different staining methods, similar to the one described for the LAB-SA method. The direct FA and LAB-SA methods were performed as previously described. For the IFA staining, the primary antibody cocktail consisted of Mabs 12.7.3 and 20.10.6 at a 1:200 dilution and 15.c.5 at a 1:150 dilution in PBS, pH 7.5, containing 5% heat-inactivated chicken serum. After incubation for 30 min at 37 C in primary antibody cocktail, slides were rinsed 15 times and then counterstained for 30 min at 37 C with a 1:30 dilution of FITC goat anti-mouse IgG i in a 1:40 dilution of bovine albumin rhodamine j in PBS, pH 7.5.
No positive staining was observed at dilutions Ͼ10 Ϫ5 by * FFU ϭ fluorescent foci-forming units; ϩϩϩ ϭ Ͼ95% positive cells; ϩϩ ϭ 10-95% positive cells; ϩ ϭ few cells, Ͻ10%; FA(1) ϭ BVD-infected chamber slide reacted with BVD polyclonal antibodies, 100% acetone fixed; FA(2) ϭ trypsinized MDBK cells reacted with BVD polyclonal antibodies, 50% acetone fixed; IFA ϭ trypsinized MDBK cells reacted with cocktail of Mabs, 50% acetone fixed; LAB-SA ϭ trypsinized MDBK cells reacted with cocktail of Mabs, 50% acetone fixed; 0 ϭ no positive staining; NI ϭ not interpretable due to high background; Virus stock ϭ 10 6.2 FFU/ml. any of the comparative staining methods (Table 1) . Using the direct FA staining, the contrast between the red color from Evans blue and the green fluorescence provided clear demarcation between positive and negative cells with no background interference. With this method, only one weakly stained positive cell was observed in the total field of cells at virus dilution 10 Ϫ5 . Although IFA staining resulted in a strong signal, high background interfered with interpretation at dilutions of 10 Ϫ5 and greater. The burnt orange color created by the rhodamine counterstain, which was used for photographic enhancement, provided less contrast than the Evans blue used in the direct FA. Observation of the LAB-SA-stained slides using a light microscope with a 10ϫ objective showed no background interference with 60 positive cells easily discernible in the total field at a virus dilution of 10 Ϫ5 . The LAB-SA method had a greater sensitivity than the other methods and was easier to read and interpret. When slides were stored at Ϫ20 C for 6 wk and staining was repeated, all methods resulted in about a 30% decrease in intensity.
In a 6-mo period we evaluated the LAB-SA method twice per week on a BT cell line at each passage. More nonspecific staining was observed in these cells than on the MDBK cells, especially in the nuclei and in the form of a concentrated halo of positive staining around the periphery of the nucleus in some cells. Although most BT cells infected with BVDV-NY-1 strain exhibit an intense uniform pattern of red color throughout the cytoplasm, the nonspecific staining in some of the negative cells interfered with a definitive interpretation of moderate-to-weak-stained positive cells. Comparative direct FA staining resulted in similar problems in interpretation with fluorescence in most cells.
Further evaluation was done to determine whether other types of slides or other staining systems could be used to perform this procedure. The coverplate immunostaining system k produced results identical to the manual staining system. With traditional manual staining methods, use of 4-well 10-mm HTC supercured printed microscope slides 1 and slides coated with either poly-L-lysine or 3-aminopropyltriethoxy-silane produced similar results. With manual staining, a higher degree of nonspecific staining was found due to a drying artifact that appeared around the peripheral zone of fixed cells with each of these type slides, but this did not interfere with interpretation of the staining reaction. Regardless of slide type, cell loss was minimized by the preliminary rinses with PBS-BRIJ before incubation in primary antibodies.
Slides rinsed with PBS-BRIJ containing 5% acetone resulted in less nonspecific staining in nuclei, especially when cells were bunched closely together. Because acetone interferes with the AEC reaction, slides were rinsed/blotted 5 times with PBS-BRIJ so that cells were acetone-free before the application of AEC. Also, automation buffer m at pH 7.5 and Tris-buffered saline at pH 7.4-7.6 in substitute for PBS produced results similar to those for PBS.
Normal chicken serum from 3 sources, with or without heat inactivation, was used in the staining procedure, and no difference in staining results was observed.
The effects of 100% cold acetone fixation of cells in monolayers and fixation of cells in suspension using cold 90% and 50% acetone in PBS, pH 7.5, were compared, and in the direct FA, IFA, and LAB-SA methods, intensity of staining decreased with decreased concentration of acetone in the fixative. More clumping of cells was observed in the 90% fixative, while cells fixed in 50% acetone were evenly dispersed onto the slides. The LAB-SA method consistently produced the strongest signal in positive cells, and the color reaction was easy to interpret.
Corapi et al. 4 characterized and grouped each of the 3 Mabs used in this LAB-SA method according to viral protein specificity, immunoglobulin subclass, virus neutralization activity, and immunoreactivity with a large collection of both cytopathic and ncBVDV isolates. Their results showed that these 3 Mabs reacted positively by indirect immunofluorescence to 70 BVDV isolates and 5 type strains of BVDV. Since the type strains used in their study included NY-1 and other reference strains, we feel that the LAB-SA method can detect most strains of ncBVDV.
This LAB-SA method for screening cell cultures for ncBVDV is a rapid, reliable, and cost-effective method for inclusion in a quality assurance/quality control program. Because of its sensitivity, the LAB-SA method has enhanced turnaround time for diagnostic testing in both virologic and serologic assays by identifying early contamination of cell cultures. It offers the advantage that wet stained slides can be evaluated quickly by light microscopy, with subsequent preservation into permanent mounts, eliminating the need for specialized costly equipment (i.e., fluorescent microscope and cytospin). Another advantage is that fixation of cells in suspension preserves cellular morphology, which allows for further cytologic evaluations. The simplicity and sensitivity of this method offers laboratories a cost-effective way to detect ncBVDV contamination in cell cultures using either manual, semiautomated, or automated staining systems and the possibility for demonstrating ncBVDV contamination in other types of cell culture and cytologic preparations where permanent mounts are needed for retrospective evaluations.
